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LIMON TURSUSU MOHLULUNDA GUMUS TIOARSENIT NAZIiK
TOBOQOLORININ ALINMASI

Maqalada limon tursusu mahlulunda giimiis tioarsenit nazik tabaqalarinin alinmasina aid fiziki-kimyavi analiz
naticalari verilmisdir. Miixtalif qatiligh (0,001-0,1 M) limon turgusu mahlullarinda gimilg tioarsenit nazik tabaqalari
alinmig va onlarin tarkiblari arasdirilmigdir. Rentgenfaza (RFA) analiz metodu vasitasila miayyan edilmigdir ki, ilkin
komponentlarin (AgNQO3, NaAsO 5 va CH3CSNH ) 1:1:2 mol nisbatinda alinmig tabaqada T=100-190°C-da yalmiz
AgAsSH birlagmasi moveud olur. RFA naticalarina asasan AgAsS 5 tarkibli tabaqanin faza gevrilmasinin temperaturu
zinqiq/‘;)\'diri Imigdir. T = 190-318°C araliginda tabaqanin tarkibi Ag3AsS3+AsS3 qarisigindan ibarat olur. Alinmig
1obagalari 400°C va 500°C temperaturda termiki emal etdikda Ag3AsS3 torkibli tabaqalor alimr va Ag3A4sS3 bir-
lagmasinin a-modifikasivasi 195°C-a kimi davamh olur. fIkin komponentlarin 3:1:3 mol nisbatindaki qarigigindan
alinmug 12baqada 100-500°C temperatur araliginda Ag 3AsS3 birlogmasinin mikrohissaciklori stabil olur. Bu mikro-
Hissaciklor asasan kira formasindadir. Digar nisbatlardaki qarisiglardan dayigkan torkibli (Ag 1  (AsS 5, (x=0,5-2;
v=1-3)) 1abagalar alimir. Skanedici elektron mikroskopik (SEM) analizi naticalarindan muayyan edi};miydir ki,
1abaqalarda hissaciklar arasinda giicli adheziva moveuddur. Temperatur artdigda nanohissaciklarin bitismasi
naticasinda muxtalif fazalarin mikrohissaciklori formalagr.

Acgar sozlar: limon tursusu, qanlq, nazik tabaqa, rentgenfaza analizi, termiki emal, mikromorfologiya, na-
nohissacik, mikrohissacik.

Giris. Yeni xassali nanomateriallarin axtansi va tadqiqi miiasir elm vo texnikanin inkisafinin
asas amillarindan biridir. Giimusiin tioarsenitlari (AgAsS, vo Ag;AsS;) va onlar asasinda alinan
materiallar miasir texnikanin miihiim funksional materiallan sirasina daxildir. Bu sinif birlasmalar
asasinda hazirlanan materiallar yaxs1 yanmkegirici, foto-, seqneto- va termoelektrik xassalara
malikdirlar [1, s. 7-13].

Odobiyyat materiallarindan [1-13] malumdur ki, Ag,S-As,S; sisteminda mévcud olan
AgASS, va Ag;AsS; birlagmalari elementar komponentlari (Ag, As va S) va ya miivafiq sulfidlori
(Ag,S va As,S;) yiiksak temperaturda (700-800 K) vakuumlagdirilmig (~102 Pa) kvars ampul-
larda birga aritmakls sintez edilir [1, 2]. Bu birlasmalarin homogenlasdirilmasi iigiin yiiksak
temperatur va uzun vaxt taleb olunur [5-13]. Bu baximdan, giimiis tioarsenitlarin muxtalif sulu
mohlullarda va asag temperaturda alinmast aktual masalalardan biridir. Son dévrlar d-metallannin
xalkogenidlarinin polyar va ya az polyar halledicilarda alinmast boyiik praktiki shamiyyat kasb
edir. Bels ki, tzvi va qeyri-iizvi (su) halledicilords alinan xalkogenidlarin nano- vo mikrohis-
saciklori formalasir 3, 4].

Bunu nazars alaraq biz, tadqiqatlarda muxtalif qatiligli (0,001-0,1 M) limon tursusu
(HOOC-CH,-C(OH)COOH-CH,-COOH ) mahlullarindan istifada etmisik. Malumdur ki, limon
tursusu ug asasli zaif tursudur, suda va etil spirtinda yaxgt hall olur. Suda mahlulu bir gox d-me-
tallan (Fe, Cu, Ag va s.) ilo xelat komplekslar amala gatirir. Belo xelat komplekslardan xalkogenid
nanotabagalarin alinmasi daha perspektivli hesab edilir [13].

Maqalada rentgenfaza (RFA), skanedici elektron mikroskopik (SEM) analiz metodlan
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vasitasila limon tursusu mahlulunda giimiis tioarsenit nazik tabagalarinin alinma saraitinin fiziki-
kimyavi analiz naticslari verilmigdir.

Tacriibi hissa va naticalorin miizakirasi. Limon tursusu mahlulunda giimis tioarsenit
nazik tabaqalarini almaq iigiin ilkin komponent olaraq 0,01 M giimiig(T) nitrat (AgNO5), natrium
metarsenit (NaAsO,) va tioasetamid (CH;CSNH,) mshlullarindan istifads edilmisdir. Ovvalca
ilkin komponentlarin (AgNOs, NaAsO,) mahlullan giimiisiin tioarsenitlarin (AgAsS, va Ag;AsS;)
stexiometrik tarkiblarina uygun miqdarda qarigdinlmig vo reaktora daxil edilmisdir (sokil 1).
Sonra onun izarina CH;CSNH, mahlulu slavs edilarak 80°C temperaturda 120 daq. miiddatinda
qangdinlmigdir.

Sakil 1. Reaksiya qurgusunun sxemi: 1 — molibden siigadan hazirlanmis reaktor; 2 — s altliq;
3 - tutqac; 4 — hermetlagdirici araliq; 5 - klapanli ox.

Siisa altliq (Microscope Slides, Cat. No.7101, 25,4x76,2 mm) tizarina ¢okma basa ¢atdiqdan
sonra altliq reaktordan ¢ixanlmig va goxlu miqdarda qaynar distills suyu ila yuyulmus va
qurudulmusgdur. Tabagalarin termiki emali vakuumda (~10* Pa) 100-500°C temperatur araliginda
aparilmisdir. Har 100°C-dan bir tabaqalarin tarkibi va mikroqurulusu analiz edilmisdir. '

RFA (2D PHASER “Bruker”, CuKa, 2q, 10-80 dar.) naticalarindan malum olmusdur ki,
300°C, 400°C, va 500°C-da formalagmis tabaqalards miixtalif tarkibli araliq fazalar ustunluk tag-
kil edir (sok. 2). Miiayyan edilmigdir ki, ilkin komponentlarin (AgNO;, NaAsO, va CH;CSNH,;)
1:1:2 mol nisbatinds alinmis tabagads T=100-190°C-da yalmz AgAsS, birlagmasi m(")vcgd olur.
T=190-318°C araliinda tobaqanin tarkibi Ag;AsS;+As,S; qangigindan ibarat olur. Bu msbatsis
alinmig tabageni 400°C va 500°C temperaturda termiki emal etdikda torkib yalmz Agy\sS; blrf
lagmasindan ibarat olur. flkin komponentlarin AgNO3:NaAsOZ:CH3CSNH2=3:}:3 mol I'lleQI.lndakl
qanigigindan alinmis tobaqada 100-500°C temperatur araliginda Ag;AsS; bula_smgm stabil olur
Tabagads Ag;AsS, birlagmasinin a-modifikasiyast 195°C-a kimi davamli olur. llkin !\'ompo.nemf
lorin digar nisbatlardaki qangigindan dayisken tarkibli tabagalar alinir. Tabagalarin tarkiblan
haqda malumat agagidaki cadvalds gosterilmisdir (cadval).
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Cadval
Tabaqalarin faza tarkiblari
Komponentlarin Tabagalerin faza tarkibi
mol nishad 5
. o o 8

Ag:AsS 180°C 300°C s00°C
111 AgASS—Ag-As Ag:AsSi-Ag-As Ag:AsS:+Ag
12122 AgAsS: Ag:AsS:+As:S; Ag:AsS:
1:1:3 AgAsS:~S Ag:AsS;+As:S: Ag:AsS:

2 = =l AgAsS:—Ag-As Ag:AsS:+Ag+As Ag:AsS:+Ag
3zl 3 Ag:AsS: Ag:AsS: Ag:AsS:
3:1:4 Ag:AsS:+S Ag:AsS; Ag:AsS:
31:2:3 Ag:AsS:—Ag:S-§ Ag:AsS:;+Ag:S Ag:AsS:+Ag:S
3:4:6 Ag:AsS:—Ag-S-§ Ag:AsS:+~Ag-S Ag:AsS:+Ag-S

Miayyan edilmigdir ki, 80-100°C temperatur araliinda AgNO; birlogmasi stexiometrik
miqdardan artiq (4-8 mol) goturildikda tabagslorin (Ag;AsS;) torkibindo Ag,S va Ag qansig
miusahida edilir. CH;CSNH, birlagmasini artiq miqdarda (4-10 mol) gétiirdiikds isa tabaqalarin
(AgAsS; va Ag;AsS;) tarkibinda sarbast kiikiird olur.

Umumiyyatla, RFA naticalarindon malum olmusdur ki, 80-100°C temperatur araliginda
ilkin komponentlarin mol nisbatindan asili olaraq Ag,,AsS,,, (x=0,5-2; y=1-3) tarkibli taba-
galar alimir. Alinmig tabaqalari 100-500°C temperatur araliginda termiki emal etdikda tarkibda
AgAsS; va Ag;AsS; birlagmalari astinlik togkil edir. Yiiksok temperaturda (500°C) isa taba-
galarin asas torkibini Ag;AsS; birlagmasi togkil edir. RFA naticalarina asasan AgAsS, tarkibli
tabaqanin faza gevrilmasi temperaturu daqiqlasdirilmisdir. Bag veran gevrilmoani asagidaki sxemlo
gostarmak olar:

34gdsS, —EE s 4g AsS, - 45.S,

Hidrokimyavi metodla ¢okdiriilmiis tabaqalarin mikromorfologiyast (Mikroskop - HITACHI
IM3000, made in Japan) yranilmisdir. SEM analizi naticalarinden miiayyan edilmisdir ki, taba-
qalarda hissaciklar arasinda giiclii adheziya miigahids olunur. Temperatur artdiqda hissaciklarin
bitigmasi bag verdiyi tgtn olgisii artir. Miiayyan edilmigdir ki, nanoquruluglarin formasi tempe-
raturdan asihidir. Temperatur artdiqda nanohissaciklarin bitismasi naticasinda miixtalif fazalann
mikrohissaciklori formalagir.

AgAsS; nazik tabagasinin termiki emali zamani faza kegidi bas verir (sokil 3). SEM so-
killarindan gorunduyti kimi, 180°C-da formalagan tabaqada yalmz AgAsS, birlosmasinin yuksak
adheziyali nanohissaciklari (10-100 nm) méveud olur. 300°C-da AgAsS, birlagmasinin
parcalanma mohsullarinin (Ag;AsS;+As,S;) qangigindan ibarat olur. Tabagada AgiAsS,
birlasmasinin 500 nm-1,5 mkm olgiilii hissaciklari formalasmaga baglayir. 400°C-da As,S; bir-
lagmasi qovuldugu tgiin tabaqa yalmz Ag;AsS; birlosmasinin mikrohissaciklarinden (1-1,8 mkm)
ibarat olur.

Apanlan tadgiqatlardan malum olmugdur ki, 300-500°C temperatur araliginda termiki emal
edilmig tobaqalards Ag;AsS; birlosmasinin mikrohissaciklari tistinliik tagkil edir. Bu mikro-
hissaciklar asason kiira formasinda olur.
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Sakil 2. Gumiis tioarsenit nazik tabagalarinin difraktoqramlan:
a) AgNO3:NaAsO,:CH3CSNH,=1:1:2 (400°C); b) AgNO3:NaAsO,:CH3CSNH,=3:1:3 (l_80°C);
¢) AgNO3:NaAsO,:CH3CSNH»=5:1:4 (400°C); d) AgNO3:NaAsO,:CH3CSNH;=3:1:3 (500°C):
¢) AgNO3:NaAsO,:CH3CSNH;=1:1:2 (180°C)

—_ 300°C AZASS TALS, ———— 30070 AzASS

1%0° ¢ -\; S.
Sakil 3. AgAsS, tabagasinin 180°C, 300°C va 400°C temperaturlarda termiki emali
zamami bas veran faza kegidlarinin SEM sakillan

Natica: ' 4 ‘
1. Miixtalif qatiliglt (0,001-0,1 M) limon tursusu mahlullarinda gumus tioarsenit nazik

tabaqalari alinmis va onlann torkiblor aragdiriimigdir, , .
2. Miiayyan edilmigdir ki, ilkin komponentlarin (AgNO;, Na5st va .CH\‘YCSNH:) 1:1:2
mol nisbatinds alinmis tebagade T=100-190°C-da yalmz AgAsS; birlasmasi moveud olur. Bu
nisbatds alinmig tabagani 400°C va 500°C temperaturda termiki emal etdikda tarkib yalmz
Ag;3AsS; birlogmasindan ibarat olur; o i
3. ilkin komponentlarin AgNO;:NaAsO,:.CH;CSNH,=3: 1:3 mol .msbe.nndakl qangigindan
alinmi tobagada 100-500°C temperatur araliginda Ag;AsS; birlagmasi stabil olur;
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4. SEM analizi naticalarindan miiayyan edilmigdir ki, 80-100°C-ds alinmug tabagalardoki
hissaciklar arasinda giiclii adheziya mugahida olunur. Miiayyan edilmisdir ki, nanoquruluglann
formasi temperaturdan asilidir. Temperatur artdiqda nanohissaciklarin bitismasi naticasinde miix-
talif fazalann mikrohissaciklari formalagir;

5.300-500°C temperatur araliginda termiki emal edilmis tobaqalards Ag; AsS; birlagsmasinin
mikrohissaciklari tstiinliik taskil edir.
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Gorkhmaz Husseinov

PRODUCTION OF SILVER THIOARSENITE THIN FILMS IN
CITRIC ACID SOLUTION

The paper presents the results of the physicochemical analysis of the silver thioarsenite thin
film preparation in citric acid solution. Thin films of silver thioarsenite have been produced in
solutions of citric acid of various concentrations (0.01-0.1 M), and their compositions were
studied. According to X-ray phase analysis (XRD), we have found that with a molar ratio of the
starting components (AgNO,;, NaAsO, and CH;CSNH,) of 1:1:2, at T = 100-190°C, only the
AgAsS; compound is present in the resulting thin film. The temperature of phase transformations
in the composition of the AgAsS, layer was specified according to the XRD results. In the
temperature range T = 190-318°C, the thin film consists of a mixture of Ag;AsS; + As,S;. Upon
thermal treatment of the obtained films at a temperature of 400°C and 500°C, a layer of the
Ag3AsS3 composition is obtained, and the a-modification of the Ag;AsS; compound is stable
up to 195°C. In the temperature range of 100-500°C, with a molar ratio of the starting components
of 3:1:3, microparticles of the Ag;AsS; compound are stable. These microparticles are mostly
spherical. For other ratios of the initial components, layers of variable compositions are obtained
(Ag14xAsS,yy (x = 0,5-2; y = 1-3)). According to the results of scanning electror.l m.icroscqpy
(SEM), it was found that strong adhesion exists in the layers between the particles. With increasing
temperature, as a result of the combination of nanoparticles, microparticles of various phases are
formed.

Keywords: citric acid, concentration, thin layer, X-ray phase analysis, heat treatment, micromorphology.
nanoparticle, microparticle.

I'opxma3 I'yceiinos

MOJYYEHHUE TOHKOM IJIEHKA THOAPCEHHNTA CEPEBPA
B PACTBOPE JIHMOHHO¥ KHCJIOTBI

B crarbe npencrasneHbl pe3ynsrarhl GH3MKO-XHMHYECKOTO aHAJH3a MOy 4eHHS TOHKHX
TJIEHOK THOAPCEHHTa cepebpa B pacTBOPE JUMOHHOH KHCIOTbI. [Tony4eHbl TOHKHE MICHKH
THOAapCeHHTa cepebpa B pacTBOPax JMMOHHOI KHCOThI pasnnyHOi koHueHTpaunu (0,01-0,1 M),
M MCCIIEN0BaHbl X cocTaBbl. CornacHo peHtreHogpasoBomy ananusy (PPA) yCTaHOBAEHO, HTO
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TPl MOMLHOM COOTHOLUEHHH HCXOAHBIX KOMIOHEHTOB (AgNO;, NaAsQO, va CH;CSNH)) 1:1:2,
npu T = 100-190°C B cocraBe noay4eHHOH TOHKOMH IUIEHKH MPHCYTCTBYET TOJIBKO COCAMHEHHE
AgAsS,. CornacHo pesyasratam POA yTouHeHa Temnepatypa ($pa3oBbiX NpeBpaLleHHii B COCTaBe
cnos AgAsS,. B remneparyprom uHrepsane T = 190-318°C ToHKast [UI€HKa COCTOMT M3 CMECH
Ag;AsS;+As,S;. TIpu Tepmitueckoii 06paBoTKe MOTyHeHHBIX MUIEHOK Mpu Temnepatype 400°C u
500°C nomyuaercs cioii cocrasa Ag;AsS; u a-monudukauus coenunenus AgzAsS; Obisaer
yetoitunoii no 195°C. B Temneparyptom untepsaie 100-500°C, npu MOJIBHOM COOTHOLIEHHH
HCXOAHBIX KOMMOHEHTOB 3:1:3 MHKpOUaCTHUbI coenHHeHN Ag;AsS; CTabUIIbHBL ITH MHKPO-
YACTHLLI B OCHOBHOM LapooOpa3Hble. [IpH APYrUX COOTHOLIEHHSX HCXOAHBIX KOMIIOHEHTOB
MOJY4aloTCst CJIOH MEPEMEHHBIX COCTAaBOB (Ag,+xAsSZ+y (x = 0,5-2; y = 1-3)). Cornacno
pe3ynsTataM ckaHHpytoueii 31ekTpoHHoi Mukpockonun (COM) yCTaHOBJIEHO, YTO B CIIOAX
MEXy YaCTHLAMH CYLLECTByeT cHibHas aare3us. C NOBBILIEHHEM TEMIIEPATYPbI, B pesynerare
COEMHEHUs HaHOYaCTHL, HOPMHPYIOTCA MHKPOYACTHLIbI PA3THYHBIX (a3,

K. 10CBbIE CI0BA: TUMONNAS KUCIOMA, KOHYEHMPayus, MOHKUl CI0H, peNmeeHodha3oeblit aHaius, mep-
Mudeckas 06pabomka, MUKpOMOppoIo2us, HaHoYacmuya, MuKpovacmuya.
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